A polyphasic taxonomic study was undertaken to establish the status of a novel bacterium, designated strain WHSC-8 T , which was isolated from soil of Hengshui Lake Wetland Reserve in Hebei province, northern China. Colonies of this strain were yellow and cells were rodshaped, polar-flagellated and obligately aerobic, exhibiting negative Gram reaction. The strain was able to grow at 0-1 % (w/v) NaCl, pH 5-10 and 20-35 8C, with optimal growth occurring at pH 7.0 and 28 8C without NaCl. Chemotaxonomic data revealed that strain WHSC-8 T possesses ubiquinone Q-10 as the predominant respiratory quinone, C 18 : 1 v7c, C 16 : 0 and summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH) as the major fatty acids, and symhomospermidine as the major polyamine. Sphingomonadaceae-specific sphingoglycolipid was detected in the polar lipid patterns. The G+C content of the genomic DNA was 68.7 mol%. All of the above characters corroborated the assignment of the novel strain to the genus Sphingomonas. 
The genus Sphingomonas was classified as part of the family Sphingomonadaceae of the class Alphaproteobacteria. The genus Sphingomonas was first proposed by Yabuuchi et al. (1990) to accommodate strictly aerobic, chemoheterotrophic, yellow-pigmented, Gram-stain-negative and rod-shaped bacteria. Members of the genus Sphingomonas contain C 18 : 1 v7c, C 16 : 0 and C 14 : 0 2-OH in the fatty acid profiles, sym-homospermidine or spermidine as the major polyamine, ubiquinone Q-10 as the major quinone and sphingoglycolipid as a characteristic polar lipid component (Busse et al., 1999 (Busse et al., , 2003 Takeuchi et al., 2001) . At the time of writing, the genus Sphingomonas comprises 73 species with validly published names (http://www. bacterio.net/sphingomonas.html), which have been isolated from various environments, including natural mineral water (Lee et al., 2001) , plants (Xie & Yokota, 2006) and soil (Ohta et al., 2004; Yoon et al., 2006; Reddy & Garcia-Pichel, 2007) . The description of this genus has been amended by several taxonomists in recent years (Takeuchi et al., 1993 Yabuuchi et al., 1999 Yabuuchi et al., , 2002 Busse et al., 2003; Chen et al., 2012) . Takeuchi et al. (2001) divided the genus Sphingomonas into four separate genera: Sphingomonas sensu stricto, Sphingobium, Novosphingobium and Sphingopyxis. However, Yabuuchi et al. (2002) proposed that there was no adequate phenotypic and phylogenetic evidence to reclassify the genus Sphingomonas into the four groups and that all four genera divided above should remain as Sphingomonas. At present, the four genera names remain in use.
In this study, a strain resembling members of the genus Sphingomonas, designated strain WHSC-8 T was characterized by a polyphasic taxonomic approach. The results obtained in this study indicated that WHSC-8 T should T was isolated from a soil sample collected from Hengshui Lake Wetland Reserve (378 399 180 N 1158 399 140 E), Hengshui City, Hebei province, China. The medium used for bacteria isolation was nutrient agar/ broth (NA/NB) (per litre: peptone 5.0 g; beef extract 3.0 g; ¡agar 15 g; pH 7.0). The isolate was maintained in glycerol (20 %, v/v) suspensions at 280 8C. The characteristics of strain WHSC-8 T were investigated using routine cultivation in shaken flasks of NB or on NA plates at 28 8C for 48 h unless otherwise indicated. Morphological properties were examined using scanning electron microscopy (S-4800; Hitachi) and transmission electron microscopy (TEM) (H-600; Hitachi). The Gram reaction was performed by the non-staining method described by Buck (1982) . Endospore staining was tested by the Ziehl-Neelsen staining method according to the protocol of Hendrickson & Krenz (1991) .
Genomic DNA was extracted using a Bacterial DNAout kit according to the manufacturer's instructions (Sangon Biotech). PCR amplification of 16S rRNA gene sequences was conducted using universal primers 27F (59-AGAGTTTGA-TCCTGGCTCAG-39) and 1492R (59-GGTTACCTTGTTA-CGACTT-39). The PCR product was purified and ligated into a pGEM-T vector according to the manufacturer's instructions (Promega), which was sequenced by Beijing Sunbiotech (Beijing, China). Multiple alignments of 16S rRNA gene sequences obtained from the EzTaxon-e server (Kim et al., 2012) were carried out using the CLUS-TAL X program (Thompson et al., 1997) . Phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971 ) methods with MEGA 5.0 (Tamura et al., 2011) and maximum-likelihood (Felsenstein, 1981) method with the PHYML online web server (Guindon et al., 2010) . The reliability of each tree was evaluated by bootstrap analysis (Felsenstein, 1985) 
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Sphingomonas soli T5-04 T (AB166883) T and S. soli DSM 18313 T as reference strains in this study. These strains were obtained from the DSMZ (Braunschweig, Germany). Physiological, biochemical and fatty acid characteristics of strain T and the reference strains were investigated in parallel by routine cultivation at 28 8C using NA/NB medium.
Growth at different temperatures (4, 10, 15, 20, 25, 28, 30, 35, 40 and 60 8C) was determined on NA plates after incubation for 1 week. Growth at different pH values [5.0-10.0, adjusted with NaOH (1 M) and HCl (1 M) before autoclaving] and various NaCl concentrations (0.0, 1.0, 2.0, 3.0, 4.0 and 5.0 %, w/v) was determined in NB at 28 8C for 1 week. The pH values were finally adjusted with sterilized buffer systems: pH 5-7, 0.1 M citric acid/0.2 M Na 2 HPO 4 ; pH 8-9, 0.1 M Tris/0.2 M HCl; pH 10, 0.05 M NaHCO 3 /0.1 M NaOH (after autoclaving). Motility tests were performed using NB with 0.3 % agar. Flagellum type was observed by TEM using cells cultivated on NA tube slants. For TEM analysis, the organisms on tube slants were pre-fixed in 2.5 % glutaraldehyde for 12-18 h, stained with phosphotungstic acid (1 %, pH 7.0), air-dried on a copper grid and observed using TEM. Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 . Oxidase activity was determined using 1 % (w/v) tetramethyl-p-phenylenediamine. Acid production from sugars was examined using bacterial biochemical micro-tube kits (Tianhe Micro-organism Reagent). Enzyme activities, nitrate reduction, indole reaction and substrate utilization as sole carbon source were determined using API 20NE and API ZYM test strips according to the manufacturer's instructions (bioMérieux).
Because strain WHSC-8 T grew poorly on trypticase soy broth agar (TSBA), all strains were collected from NB for cellular fatty acid analysis. Strains were grown in NB at 28 8C until they reached the exponential phase. Cellular fatty acids were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI, 1999) . Polar lipids of strain WHSC-8 T and reference strain S. aestuarii DSM 19475 T were extracted as described by Minnikin et al. (1979) and identified by two-dimensional TLC and spraying with specific reagents (Collins & Jones, 1980) . Lipids containing free amino groups were identified by spraying with ninhydrin reagent. Sugar-containing lipids were detected using anaphthol reagent. The total polar lipid profile was determined using molybdophosphoric acid reagent. Quinones of strain WHSC-8 T and reference strain S. soli DSM 18313 T were extracted and purified by the method of Collins et al. (1977) and analysed via HPLC as described by Tamaoka et al. (1983) . Polyamines of strain WHSC-8 T were extracted and analysed as described by Hamana et al. (1994) and Hamana & Takeuchi (1998) .
Homospermidine, spermidine, putrescine and cadaverine were used as standards.
The G+C content of the genomic DNA of strain WHSC-8 T was determined by HPLC (Mesbah et al., 1989) . S. aestuarii DSM 19475
T was used as a reference strain. A mixture of standards of G, C, A and T (0.1 mg ml
21
) was analysed synchronously by HPLC. Levels of DNA-DNA relatedness were determined using the thermal denaturation and renaturation method of Huß et al. (1983) . Briefly, the renaturation rates of individual sheared DNA and their mixture were determined in triplicate in 26 SSC (solution of sodium citrate) at the optimal melting temperature for 40 min using a Lambda 35 UV/VIS spectrometer equipped with a temperature programme controller (PerkinElmer). The optimal melting temperature was 80 8C, which was calculated as [0.516(G+C mol%)+47] based on the DNA G+C content of the reference strain.
WHSC-8
T showed characteristics typical of species of the genus Sphingomonas. Cells of WHSC-8
T were non-sporeforming, Gram-reaction-negative, motile and rod-shaped. Polar flagella were identified from electron micrographs (Fig. S3a) . Colonies of strain WHSC-8
T were yellowpigmented, like those of other strains of species of the genus Sphingomonas. Strain WHSC-8 T was catalase-and oxidase-positive. The optimal temperature for growth was 28 8C. However, compared with the closely related reference species of the genus Sphingomonas, there were some clear differences such as positive nitrate reduction, assimilation of gluconate, and acid production from raffinose and galactose (Table 1) . A detailed species description is presented below.
The cellular fatty acid profiles of strain WHSC-8 T and three closely related species of the genus Sphingomonas are shown in Table 2 . The predominant cellular fatty acids (.5 % of the total fatty acids) in strain WHSC-8 T were C 18 : 1 v7c (64.6 %), C 16 : 0 (12.5 %) and summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH, 6.9 %). WHSC-8 T contained ubiquinone 10 (Q-10) (93 %) as the predominant respiratory quinone and small amounts of Q-9 (5.7 %) and Q-8 (1.3 %). The major polyamine was sym-homospermidine 
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] were also detected. Polar lipids of strain WHSC-8 T comprised diphosphatidylglycerol, phosphatidylcholine, phosphatidyldimethylethanolamine, phosphatidylethanolamine, phosphatidylglycerol, sphingoglycolipid, two unknown phosphoglycolipids, an unknown glycolipid and an unknown lipid (Fig. S4) . The G+C contents of the genomic DNA for strain WHSC-8 T and S. aestuarii DSM 19475 T were 68.7 and 66.4 mol%, respectively. All chemotaxonomic characteristics of strain WHSC-8 T described above were in accordance with those of the members of the genus Sphingomonas Busse et al., 2003; Yang et al., 2006; Roh et al., 2009; Talà et al., 2013) .
It is clear from Table 1 that strain WHSC-8 T is different from its most closely related phylogenetic neighbours S. asaccharolytica DSM 10564 T , S. aestuarii DSM 19475 T and S. soli DSM 18313 T , especially with respect to the physiological characteristics, including positive nitrate reduction, assimilation of gluconate, and acid production from raffinose and galactose. The absence of 11-methyl C 18 : 1 v7c and presence of C 18 : 1 2-OH and cadaverine also distinguished strain WHSC-8
T from closely related reference strains of species of the genus Sphingomonas. Also, the mean DNA-DNA relatedness value between strain WHSC-8 T and S. asaccharolytica DSM 10564 T was 32.7¡1.7 %, which was far below the 70 % cut-off point for species delineation (Wayne et al., 1987) .
The distinctive phenotypic and chemotaxonomic properties together with low DNA-DNA relatedness value are sufficient to propose the allocation of strain T to a novel species of the genus Sphingomonas, for which the name Sphingomonas hengshuiensis sp. nov. is proposed.
Description of Sphingomonas hengshuiensis sp. nov.
Sphingomonas hengshuiensis (heng.shui.en9sis. N.L. fem. adj. hengshuiensis of or belonging to Hengshui University in China). weak reaction. PNPG, p-nitrophenyl a-D-glucopyranoside. All strains were Gram-stain-negative rods and catalase-and oxidase-positive. All strains were positive for assimilation of D-glucose and maltose, and for enzyme activities of alkaline phosphatase, acid phosphatase, butyrate esterase (C4), caprylate esterase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, naphthol-AS-BI-phosphohydrolase and b-glucosidase. All strains were negative for indole production, glucose fermentation, arginine dihydrolase activity, urease activity, and assimilation of mannitol, capric acid, adipic acid, malate, trisodium citrate and phenylacetic acid. Acid production from sorbitol, fructose and mannitol and positive enzyme reactions for myristate lipase (C14), a-chymotrypsin, b-glucuronidase, N-acetyl-b-glucosaminidase and b-fucosidase were not detected. All data were taken from this study unless otherwise indicated. Takeuchi et al. (1995) and Yang et al. (2006) , respectively.
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